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Abstract— With the aim of integrating gender and culture
issues into Computer Science and Engineering curriculum, this
work proposes the design of posters about Women pioneers in
Computing Science to break the gender gap. This contribution
justifies the use of illustrations due to their great pedagogical
potential. In addition, this paper describes the selection process of
the Women pioneers in Computing Science and the criteria
adopted for the graphic design of the posters, considering
conceptual and communicative aspects as well as graphic, stylistic
and aesthetic aspects.
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1. INTRODUCTION

Computers are everywhere, changing the way we work,
learn, play, communicate, relate to each other and, of course,
research. Undoubtedly, digitization is being key in this
pandemic crisis due to COVID-19 making teleworking,
teletraining and socialization not only possible but necessary.

In the recent 2020s, it was estimated that about one million
computer programming jobs were going unfilled. Perhaps, right
now, the demand is much higher. And, by 2030, this shortfall
could increase to 4.3 million.

However, while 57% of occupations are held by women, in
computer-related jobs that stand out is only about 20%.
Surprisingly, Computer Science (CS) is the only STEM
(Science, Technology, Engineering and Mathematics) field in
which the number of women receiving Bachelor of Engineering
degrees has declined remarkably since 2002. In the mid-1980s,
even in the early 1990s, the percentage of female CS graduates
was over 30% and actually increased to 37%, but gradually
declined to 18% in 2010-11. Computer science and engineering
majors have stagnated at less than 10% of all degrees, while the
demand for employees with programming skills is growing
every year. In fact, in the near future more than 60% of jobs will
be Computer Science related [1].

Strangely, a review of the history of Computer Science
reveals that in the 70s and 80s a high number of women left an
indelible mark on it [2]. It is only in recent times that the
important role of women in this field has begun to be properly
recognized due to their many contributions to history.

Therefore, we have a severe, strange and puzzling gender
gap in Computer Engineering. Why are women still a minority
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of students studying Computer Engineering? [3] There are three
basic reasons:

o First, the "geek" or "nerd" culture surrounding Computer
Science; -traditionally associated with men.

e Second, the biased view of computer applications
oriented to the video game industry causes girls to think
that a world of games is not interesting,

o Third, they think they would not be good at technology.

Although many of these beliefs are misconceptions, these
stereotypes persist. Therefore, what can we do to change this
situation?

II. A PROPOSED SOLUTION

A good way to break this gender gap in Computer
Engineering and at the same time to demystify these biased
stereotypes is to visualize the women who have been pioneers.
Women who have made decisive contributions to the field of
Computer Science.

In recent times, Comics publications and illustration are
acquiring a high value and recognition in their use as a tool for
divulgation and visualization, both within and outside our
borders. The stereotypes that associate comics with the
childhood stage and only as a frivolous element of entertainment
are being abandoned, and the versatility of the medium is being
demonstrated in more serious areas such as teaching and
research [4] [5]. The great expressive power of the image, the
capacity of the cartoon to summarize a message and capture the
reader's attention, and the novel approach with which to present
information, make the comic format a didactic tool with
enormous potential. The illustrated narrative presents, among
others, the following advantages:

e Itallows an idea to be communicated quickly.

o It facilitates the dissemination of the results of complex
content.

e [t attracts attention by stimulating interest and curiosity.
e It allows creativity to be demonstrated.

e It allows to collect and condense ideas in images and
supporting, usually short, texts.

e [t can be used to organize the main ideas.

e It gives the message a remarkable visual strength.
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e It can be adapted to multiple age ranges.

Consequently, in this work we propose to use the power of
graphic narrative based on comics to design several posters
about women pioneers in Computer Science. It should be noted
that this is a Spanish project, therefore the resulting posters will
be produced in the same language, so that divulgation among
schools and other entities can take place.

The main objective is to break gender stereotypes regarding
Computer Science and to promote Computer Engineering
among women. We also intend to change preconceived ideas
about the contributions of women in this discipline, specifically:

e To give exposure to the recent history of Computer
Science, with special emphasis on the role of women in
this discipline, and with the aim of making society aware

of the relevance of Computer Science in our lives.

To make the women who have worked and contributed
to Computer Science throughout history visible, to break
stereotypes about computer science, and to promote
references to encourage the vocation among girls.

To put in value the discoveries, inventions and
contributions of these women in the field of Computer
Engineering.

To highlight the social adversities they faced and the
reasons why these women have not been known or
recognized in the field of Computer Science until now.

To know through the visualization of the contributions of
these women the social utility of Computer Science.

To take advantage of the resources of the contributions
of these women to teach students the repercussions of
innovations in the field of Computer Science.

These posters will be printed and displayed in a physical
exhibition at the end of the academic year 2021-2022. Also, this
exhibition will be taken to different schools and institutes of the
province of Jaén, Spain. Once the exhibition is completed, these
posters will be permanently displayed in the computer rooms of
the University of Jaén.

III.

This cultural project consists of several stages, including the
initial research of the bibliographies of the pioneers in the field
of Computer Science, the study of topics related to visual
communication, the design/drawing of the posters and finally
the digital/physical exhibition of the posters.

PRELIMINARY METHOD

This contribution describes the selection process of the
Women pioneers in computing and the criteria adopted for the
graphic design of the posters, which considered conceptual and
communicative aspects as well as graphic, stylistic and aesthetic
aspects.

A. Computer Women Pioneer Selection Process

During the documentation phase a large number of articles
and websites (more than one hundred) have been consulted on
women in Computer Engineering and on the problem around the
gender gap in the Computer Science field.
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At first an attempt was made to search for female pioneers
not only in the United States but also elsewhere in the world.
The search for female pioneers in Europe and, especially in
Spain, has been poor or almost null.

In any case, the first search criterion was to look for
representatives of each era. Specifically, we have focused on the
twentieth century and we have tried to select at least one pioneer
from each decade. In this case, the decade, not referring to their
birth or death, marks the period of time in which these pioneers
make their most significant contributions in the field of
Computer Science and also social or transfer contributions.

Secondly, the selection of women sought to eliminate clichés
and prejudices regarding Computer Science. For this reason, an
attempt was made to select pioneering women from different
countries, cultures or social groups who have made significant
contributions in different purely informatics fields, but also
highlighting their usefulness or significance in everyday life and
in technical progress or innovation.

A first selection of about 20 women pioneers in Computer
Science was made, finally undertaking the study and completing
documentation of 10 of them. The number of posters must be
adjusted to the received budget.

B. Documented Computer Pioneer Women

For each of these essential IT Pioneers, articles, news,
interviews and videos published on the Internet were consulted.
A portfolio or folder was created for each Pioneer. In each folder
a document has been placed with all the information collected
from the pioneer. But then an effort of synthesis has been made
to communicate very briefly, in a series of items the most
relevant data. With all this information it was decided to make a
brief document that includes:

e Summary. A brief summary of who they are and what

they have done, in no more than 70 words.

In 2 sentences. A couple of key phrases or sentences
that define or characterize the most significant
contributions.

Life. A description of their LIFE in a brief list of
chronologically ordered milestones: date of birth,
training, relevant social events...

Achievements and contributions. An enumeration of
contributions both in the field of Computer Science and
social, especially if they have contributed to break the
gender gap, chronologically ordered

Awards and honors. A list of awards and recognitions
related to their contributions.

Quotes. A series of inspirational quotes or anecdotes
that reflect personal or challenging circumstances they
had to deal with according to their gender.

References. Documents consulted, websites, videos,
photos.
C. Design and Graphic Composition Criteria

The team involved in this cultural and pedagogical project
held several meetings to reflect and agree on some guidelines or
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criteria to be followed in the design and elaboration of the
Posters. Conceptual and communicative aspects were
considered, as well as graphic, composition and style aspects
(colors, typographies, space distribution). Some of the
conclusions reached were:

The most important aspect is to tell briefly and as visually as
possible the most significant aspects of his life, contributions
and honors.

e The protagonist should narrate these events in first

person by means of comic-based scenes.

In these scenes, It must be reflected and respected as
much as possible the time of the protagonist, with
respect to the fashion, the technology of the time, and
the social moment.

Communicate as much information as possible in the
most synthetic, attractive and aesthetic way.

These considerations were materialized in the following
criteria for the composition of the posters:

e All posters must include the name of the project at the
top but occupying the minimum space so as NOT to take

away prominence from the Pioneer.

All posters must include the affiliation, the University
of Jaén and the authors of the project at the bottom and
in a corner where it will NOT detract from the Pioneer's
prominence.

All posters must include the place of birth, birth-death
dates, summary with her most significant contribution
to Computer Science (as brief as possible but providing
as much information as the medium allows).

All posters must have a central portrait drawing of the
Pioneer

A series of comic-like "scenes" that graphically recount
episodes of her life/contributions/honors. They will be
accompanied by a brief and concise summary text
caption . In some cases, bubble will be used to quote the
protagonist. The scenes are large enough to allow us to
fully appreciate the message we want to communicate.

Each poster must have its own color palette.

The background of the Poster should not be distracting,
it will follow the colors of the palette although it should
not take away the prominence of the foreground.

IV. THE POSTER EXAMPLE

For the time being, the whole process of designing and
composing one of the posters following these criteria has been
completed. Specifically, the poster dedicated to Dorothy
Johnson. Work is well underway on the Joan Clarke and Chieko
Asawaka posters, among other pioneers.

About 30 documents, websites, videos and photos have been
consulted to create Dorothy Johnson's poster [5-12]. All the
textual documentation has been synthesized in a short document,
specifically in the file template on Fig. 1 and 2 (this work is a
Spanish project). The document includes Summary, In 2

sentences, Life, Achievements & contributions, Awards &

honors and Quotes.

Dorothy Johnson Vaughan (1910-2008), Década 50

Dorothy Johnson Vaughan (1910-2008)
Kansas City, Misuri 1910-2008
Estados Unidos

indice

. Breve Resumen

En 2 frases

Vida

Logros, aportaciones
Premios, reconocimientos
Citas

. Fuentes Documentales

. Material Multimedia

®NO NS WN S

Breve Resumen-Entradilla

Matemadtica e informatica tedrica afroamericana que llegd a trabajar en la NACA (Comité
Asesor Nacional para la Aerondutica) y en la NASA (Administracion Nacional de la
Aerondutica y del Espacio), donde destacé en el programa West Computing dentro de la
Divisién de Andlisis y Computacién. Experta programadora en FORTRAN.

En 2 Frases

e Primera Supervisora mujer y afroamericana de la Unidad de Computacién del Area
Oeste segregada de la National Advisory Committee for Aeronautics (NACA), la
agencia que precedié a la NASA.

e Experta programadora en FORTRAN, defensora de las mujeres “computadoras”,
tanto negras como blancas, para que consiguieran tanto aumentos de sueldo como
ascensos.

Vida

e Dorothy Johnson Vaughan nacié en un Estados Unidos profundamente racista y
segregado. En una época en que las personas de color tenian prohibido ir a muchos
institutos y universidades.

e En 1929 se gradué en Ciencias Matematicas en la Universidad Wilberforce con solo
19 afios de edad.

e Profesora de matematicas en la escuela secundaria Moton High School en Farmville,
Virginia durante 14 afios

e En 1932 se casd con Howard Vaughan, con quien tendria seis hijos.

e En 1943 se uni6 al Langley Memorial Aeronautical Laboratory, el primer laboratorio civil
aeronautico en Estados Unidos. Pertenecia a la NACA, la precursora de la NASA.

e Estas matematicas eran llamadas “computadoras”. Su profesion era resolver los
célculos y ecuaciones que ahora resuelven maquinas, pero que entonces resolvian ellas
amano.

Aportaciones

e Aprendié por si misma el lenguaje de programacién FORTRAN en la NACA, se
convirtié en una experta y formé a otras mujeres matematicas.

e Estas mujeres serian en muchos casos las que luego ensefiaran a programar a los
ingenieros de la NASA.

e Elaboré un manual con los métodos algebraicos para calcular las maquinas de IBM.

e Trabajé tres décadas para la NASA y acabd ensefiando FORTRAN a ingenieros.

e En 1949 Vaughan se hizo cargo de la direcciéon de la West Area Computers, un
grupo de trabajo segregado? compuesto exclusivamente de mujeres afroamericanas,
especialistas en matematicas.

e Fue la primera supervisora negra de la NACA y una de las primeras mujeres
supervisoras.

e Trabajé como matemdtica en el Programa de vehiculos de lanzamiento SCOUT que
envio los primeros satélites de Estados Unidos al espacio.

e Firme defensora de las mujeres de West Computing e incluso intervino en nombre
de las computadoras blancas de otros grupos que merecian ascensos o aumentos de
sueldo.

Fig. 1. Dorothy Johnson's File.
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Reconocimientos

Su trayectoria es una de las tres historias protagonistas que se cuentan en el libro
‘Figuras Ocultas' de Margot Lee Shetterly, centrado en el grupo de matematicas que
trabajaron en los programas Mercury y Apolo de la NASA en plena carrera espacial.

En 2017, la novela fue llevada a la gran pantalla y nominada en varias categorias de los
premios Oscar. La actriz Octavia Spencer fue la encargada de dar vida a Vaughan.

En 2019, el 8 de noviembre, ya péstumamente, cuando recibié uno de los premios mas
prestigiosos en Estados Unidos, la Medalla de Oro del Congreso (Congressional Gold
Medal

Desde 2019 también hay un crater en la luna que tiene su nombre.

Citas

Fig. 2. Dorothy Johnson's File (cont.).

The poster shown in Fig. 3. follows the design and graphic
composition criteria adopted in section III-C and includes five
scenes.

These scenes take a tour through her origins/training, how
she learns the FORTRAN programming language on her own,
and develops a manual to teach how to operate IBM machines,
her fight for women's rights, how she helped train her
colleagues, her awards and some curiosities.

Cambié las cosas que pude.
Lo que no, lo soporté.
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Fig. 3. Dorothy Johnson's Poster.

V. CONCLUSIONS AND FUTURE WORK

This contribution describes an initiative that attempts to
integrate gender and culture issues into computer science and
Engineering curriculum. It is proposed to design a set of posters
on women pioneers to break the gender gap in Computer
Science and to attract graduate student girls.

We have explained a systematic method based on some
criteria to be followed in the design and elaboration of the
posters.

Once the design of the posters is finalized, they will be
displayed in a physical exhibition at the end of the 2021-2022
academic year. This exhibition will also be taken to different
schools and institutes in the province of Jaén, Spain.

Finally, a simple website will be designed, developed and
implemented as an artistic and educational museum, with a
permanent character as long as funding is available.
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